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CONFIDENTIAL

TASK ORDER NO. TT

May 21, 1961

INTRODUCTION

The Sponsor is interested in the potential development of a moisture
condenser for use by individual untrained personnel in arid or desert areas of
the world. This interest stems from a need to provide potable water for
individual consumption in quantity and quality such as to enable a person to
withstand the rigors of prolonged travel or of survival in such areas. It was
our understanding that no suitable device or apparatus was (or is) available
for this purpose, i.e., that no unit has been developed for use by an
individual in obtaining fram the air the quantity of water required to satisfy
a human being's daily minimum requirements. On even the hottest and driest
days, the air masses in desert areas reportedly represent a suitable source of
water, providing, of course, that the water can be condensed and collected in
a satisfactory manner.

Any equipment provided for this purpose should be small, lightweight,
simple, and dursble. A weight of 2.2 pounds and a size of about 6 x 6 x 12
inches were indicated as design goals in the consideration of an appropriate

devicee.
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Accordingly, an effort under Work Order No. 10, Task Order No. TT,
was initiated, to investigate the practicaebility of developing a specialized
moisture condenser of the type described herein. The proposed method of
attack was to evolve ideas regarding devices which might serve the purpose;
and to evaluate them, at least in preliminary fashicn,from ﬁhe viewpoint of
possibly providing the basis for a subsequent development effort aimed toward
achieving a unit which would embody the desired characteristics.

This report summarizes the results of the effort performed under
Work Order No. 10, Task Order No. TT, during the period February 22 through

May 21, 1961.

SUMMARY AND CONCLUSIONS

A number of methods have been considered for providing potable water
to a desert traveler. None of those considered seems to be capable of meeting
the weight and size goals as specified. Further, it presently seems doubtful
that any system would be able to meet these goals, particularly the weight.
However, if same increase in weight and size can be tolerated, the following
three approaches appear to be very pramising:

(1) The use of solid or liquid desiccants, with solar

regeneration.
(2) A large, flat collector which would cool itself
by radiating to the sky at night.

(3) A reciprocating campressor-expander with a rotating

cylinder block, which would extract the water by
centrifugal asction immediately after it condensed

in the expansion process.

fr b

T T

Sanitized Copy Approved for Release 201 1709720 : CIA-RDP78-03639A001500060001-2



Sanitized Copy Approved for Release 201 ;/99/&0 : CIA-RDP78-03639A001500060001-2
PTOTRLER,

¥

-3_

Of these, the system with the smellest potential gross weight is
probably the campressor-expander; it has been estimated that such a system
would weigh about 8 pounds without a prime mover, and that an appropriate
solar-energy-operated prime mover would weigh about 4 pounds. However, the
exploitation of this method or of that based on the use of a desiccant would
entail considerable developmental effort, as compared to the relatively small

effort which would be needed to develop a suitable large, flat collector.

METHOD OF PROCEDURE

The problem presented for study was to consider methods of providing
drinking water to a man traveling alone and on foot through the desert. It
was specified that:

() The equipment should provide 2 quarts of water

per day for 21 consecutive days.

(b) Any equipment provided should preferably weigh no

more than 2.2 pounds and fit in a space about
6 x 6 x 12 inches.
(¢) The equipment should be durable and easily operable

by a man of average intelligence and mechanical skill.

In the absence of a definite environmentel specification, it was
assumed that the atmosphere contained 0.005 pound of water per pound of dry
air, during the daytime and nighttime. Further, daytime temperatures were
assumed to reach a peak of about 95 to 100 F, with long-period averages of

about 90 F; nighttime temperatures were taken to be a constant 78 F.
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The method of attack used for this program was to present the
problem in general terms to selected members of our technical staff repre-
senting a variety of interests in the fields of chemistry, chemical engineering,
physics, biosciences, and mechanical engineering. As a result, a number of
approaches were suggested; these were subsequently screened to select those
which seemed most promising in view of the specified requirements. The most
promising ideas were then evaluated in same detail, in order to estimate how
closely they would permit approeching the required performance anc weight.
Since the program did not provide for a thorough design study, evaluations vere
based on estimates of performance and weight that were detailed enough to
permit only an approximate classification. For example, if a system depended
on the use of a chemical, the required weight of the chemical was calculated
and used as an indication of the minimum attainable weight of the system.

Table 1 sumearizes the results of the study.

DISCUSSION OF RESULTS

The methods suggested for collecting water in the desert can be
catalogued in five groups:
(1) Condensation of moisture fram the air on a
cold surface
(2) Absorption or adsorption of atmospheric moisture
by sultable chemicals
(3) Extraction of moisture from the air by campression,

cooling, and expansion
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TABLE 1. PERTINENT METHODS OF COLLECTING WATER FROM
SURROUNDINGS, PARTICUILARLY FROM AMBIENT AIR
Method Description Estimated Minimum Weight Remarks

3.
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Condensation on a
cold surface

Adsorption

Absorption

Compression-

expansion systems

Cambustion
processes

(a) Intermittent-sbsorption
refrigeration system

(b) Collector radiating to
the sky at night

Silica gel system with cyclic
concentration and solar
regeneration

Liquid desiccants, such as
lithium chloride solutions,
with solar regeneration

Rotating=block campressor=
expander with regenerative
cooling of compressed air
and centrifugal extraction
of condensed water

Cambustion of hydrogen with
condensation of water
vapor produced

Probably 50 to 60 pounds

About 20 to 25 pounds

28 pounds of desiccant, plus a
fairly simple apparatus

4 pounds of desiccant, plus
the required equipment

About 8 pounds for compressor-
expander, without prime
mover; additional 4 pounds
estimated for solar-energy-
operated prime mover

9 pounds of hydrogen, plus
cambustion and condens-
ing equipment

Probably not effective
every night because of
dependence on clear sky and
negligible wind

Would require considerable
developmental effort

Would require scme method of
circulating desiccant to ex-
pose large surface area to
the alr during absorption;
same desiccant might be lost
by evaporation; would in-
volve considerasble develop-
mental effort

Would require considerable
developmental effort

Very bulky; difficult to
handle
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TABLE 1. (Continued)

Method Description Estimated Minimum Weight Remarks
6. Miscellaneous Extraction fram soil or rocks, Possibly about 5 pounds for Depends on availsbility of
methods by solar distillation soil; samewhat heavier the appropriate kind of
for rocks soil or rock; there is no

experience with such systens
that could be used as a
basis for estimating ef-
fectiveness

Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03639A001500060001-2




Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03639A001500060001-2

S8
-7-
(4) Chemical reactions in which water is one of the

products

(5) Miscellaneous methods.
These are discussed in some detail in the following.

Condensation on a Cold Surface

The collection of moisture fraom the desert air by using a cold
exposed surface for condensation has same obvious limitations. With the
assumed climstic conditions, the dew point of the air would be approximately Lo F;
an appropriate cold surface would have to be appreciably below 4O F in order to
collect much moisture. Below 32 F, the moisture would collect as ice, tending
to insulate the collector from the air and to reduce the rate of collection.
The low moisture content of the air would require the use of large collecting
surfaces or a long collecting period in order to provide the required quantity
of water. The use of a conventional compression refrigeration system would
necessitate equipment of considerasble weight, including a prime mover to drive
the compressor.

The applicability of an intermittent-absorption refrigeration system,
which would operate fram solar energy, was analyzed. Units of this basic
type were sold cammercially many years ago as residential refrigerators which
required no electricity. Basically, this type of system comsists of two
interconnected containers; one holds a solution of a refrigerant in an absorbent,
vhich could be ammonia and water, for example, and the other is empty. To
start the cycle, the container which holds the solution is heated. The heat-

ing drives off part of the refrigerant, which passes to the second container
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and condenses. When a suitable quantity of refrigerant is thus transferred to
the second container and condensed, the heat source is removed. The first
container then cools, the pressure in the system drops, and the refrigerant begins
to evaporate from the second container; as evaporation occurs, the refrigerant
passes to the first container and is absorbed. When the evaporation is campleted,
the cycle can be repeated. While the refrigerant is eveporating, it is extract-
ing heat fram its surroundings, and thus produces the refrigerating effect.

This system as applied to the problem of interest would be
inherently simple, since it would operate fram solar energy and would require only
two basic parts, each of which would serve a dual purpose, plus an accessory.

One part would act as the generator and the absorber, and the other as the
condenser and evaporator. In addition, s solar-energy collector would be needed
to provide a concentrated heat source for the generator.

A partial analysis of the intermittent-absorption system showed that
the evaporation time required to collect 4 pounds of water would be inversely
proportional to the evaporator area and would be a function of the air velocity
over the evaporator surface. Even with the assumption of an air velocity of
20 feet/second, which would require a blower and a source of energy for the
blower, an evaporator operating time of 4 nours would require an evaporator
area of 25 square feet. Additional time would be required for the other phases
of the cycle, and same difficulty might be caused by the necessity for removing
the heat of condensation and the heat of absorption. In view of the
limitations apparent in the evaporator portion of the system, no further

analysis of this system was undertaken.
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A simple method of obtaining water by condensation would '
use a large collector which would radiate o the sky at night. Om ¢
night, the sky has a low effective temperature. Assuming an effective sky
temperature of about -80 F¥ at night, a perfect radiator with an area of about
100 square feet could collect about 4 pounds of water during the night. With
a thin plastic film as the radiator, two other parallel films to shield the
collector from ground rediation, and a lightweight, aluminum, tubular supporting
structure, the entire assembly would probably weigh 20 to 25 pounds.

The successful operation of this type of collector would depend on
having a clear, calm night. Cloud cover would make it inoperable; and wind
would tend to raise the temperature of the device above the devw point, unless
suitable shielding could be provided, and thus would result in ineffective
operation. It is anticipated that a relatively small amount of developmental

effort would be necessary in order to exploit this method.

Absorption or Adsorption by Desiccants

Many desiccants, both solid and liquid, are available that will
absorb or adsorb moisture fram desert air; in fact, there are solid
adsorbents which will remove nearly all of the moisture. To be useful for the
application of obtaining potable water, however, same means must be devised
to ultimately extract the moisture from the desiccant as liquid. Desiccants are

normally regenerated by heating to a high temperature, usually in the range of

¥On a clear night, a radiating body located on the surface of the earth loses
heat at a rate which would prevail if the body were radiating to an infinite sink
at a temperature of about -80 F.

Wi
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300 to 1000 F, depending on the desiccant. In the application of interest,

the moisture would thereby be driven off as vapor and would have to be condensed.
Also, while it would be possible to obtain the usual regeneration temperatures
by concentrating solar energy, to attempt to provide for this function in g
smell portable unit does not appear practical.

However, there have been developed in Germany several thermodynamic
cyclic processes utilizing desiccants which have removed water fram the desert
air, on the basis of a smaller temperature difference. In fact, units have
been operated successfully on the basis of the temperature difference existing
between a plane solar receiver and an adjacent shaded zone. In these systems,
water plus water vapor was the working fluid, with dry air as the inert carrier
gas. The Dannies' systems are outlined in the following; a detailed des-
cription is available in a series of three articles by J. H. Dannies that
appear in the January, 1959, issue of "Solar Energy".

In the course of the Work Order No. 10 activity, calculations were
made on these types of systems, to determine the weight of desiccant required
to obtain 2 quarts of water per 2h-hour day. While this velue would not
represent the total weight of the unit required, the other camponents could probably
be made quite light in weight, particularly if a solid desiccant were used;
the desiccant weight would therefore be a large part of the total weight and
could be used as a basis for comparison.

Both so0lid and liquid absorbents were considered as desiccants in the
calculations; a survey of solid-desiccant properties were made. Silica gel

appeared to be by far the best for the present application and was the only
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solid for which calculations were msde. This was the desiccant used by Dannies
in his operating units, although he stated that other solids, as well as
liquids, would function under the temperature conditions associated with the
use of incident solar radiation. Liquid absorbents with the most desirable
properties appeared to be lithium chloride and calcium chloride solutionms,

and both were used in the calculations.

Both the simultaneous and successive systems of Dannies were investi-
gated analytically. However, the Dannies' simultaneous system was modified
slightly to suit the requirements of the application of interest. For
Dannies® application, self-operation and immobility were quite desirable; in
his simultaneous system, which operated only during the daytime, two beds of
desiccant were used, one facing east and one facing west. In the morning,
the east desiccant was regenerated while the west desiccant was adsorbing
moisture; in the afternoon, the functions were reversed. This procedure is
rather inefficient for two reasons. First, the maximum solar radiation, which
occurs near noon time, is not used, since the system is reversing at that
time. Second, for most desiccants, 6 or more hours are not required for the
equilibrium moisture content to be achieved. Therefore, on the assumption that
a limited amount of manual operstion would be possible in the application of
interest, a shorter cycle was devised during which the beds would be alternately
directed toward the sun. In order to determine the optimum time for the cycle,
an analysis was made of the dynamic data on silica gel. While considerable
extrapolation of the data was necessary to fit the conditions of interest, it

was found that s 2-hour half-cycle would permit the regeneration of
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approximately 80 per cent of the adsorbed moisture. Beyond 80 per cent,
the rate of regeneration would decrease rether rapidly, so a longer half=-
cycle appeared uneconamical on a weight basis.

The successive system explored by calculation was essentially that
outlined by Dannies. This system involved adsorption in the cooler night ailr,
followed by regeneration by solar energy and condensation in a closed system
during the daytime.

Table 2 shows the results of the calculations. Most of the headings
have already been explained or are self=-explanatory. The temperatures for the
simultaneous system were taken directly fram actual data given by Dannies. For
the successive system, the limiting adsorption temperatures simply represent
the nighttime conditions; the typical spring and summer nighttime desert
conditions are also actual data from Dannies for the Sahara Desert. The limit-
ing regeneration dry-bulb temperature is the maximum air temperature in the
closed system as obtained by solar heating during daytime operation, and the
limiting regeneration dew point represents the shade-cooled condenser
temperature. As the table indicates, the efficiency of the system is largely
dependent on these regeneration temperatures. Most of the data presented in the
table are only approximations. Ultimately, the actual values would have to be
determined by testing a complete unit. However, they could be spproximated
more closely than is the case in Table 2, by a detailed heat balance using known
heat-transfer correlations, once the actual physical arrangement of a unit was
determined.

The systems based on using liquid desiccants appear quite attractive

when only the weight of desiccant is considered. However, a word of caution
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CALCULATED DATA ON EXTRACTION OF WATER FROM DESERT AIR USING

DESICCANTS (DANNIES® SYSTEMS), TO YIELD 2 QUARTS PER DAY
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Limiting Limiting Cycle Welght of
Regeneration Adsorption Efficiency, Desiccant
Conditions Conditions Regeneration Water Yield Cycle + Adsorbed
TDry Bulb,  TDew P, “Dry Bulb, w P, Efficiency, Desiccant  Water Adsorbed Tine, Vater, 1b Weight of Dry
Type of System F F ¥ F per cent Used per cent hr Max Min Desiccant, lb
Simultaneous - 17 W7 ol ol go(1) Silica gel 12 (3/asy) - 59.5 7.6
solid desiccant
Successive - 150 90 60 ko 100 Silica gel 55 24 32,1 27.9 2h.5
solid desiccant (Typical of spring
nighttime in
desert)
Successive - 150 90 ™ 51 100 Silica gel 35 2k 67.8 63.6 55.6
solid desiccant (Typical of
sumer night-
time in desert)
Simulteneous - 17 u7 ol 85 go(1) Licl 12 14(3/asy) 10.8 3.6
ligquid desiccant
Simulteneous - ny 47 ol 85 go(1) cacly 12 4(3/day) 1 5.2
liquid desiccant
Successive - 150 90 60 ko 100 Licl Ll 2k 12.9 8.7 3.5
liquid desilccant
Successive - 150 90 8k 51 100 LiCl 29 2L 21.7 17.5 7.0
liquid desiccant
Successive - 180 95 8l 51 100 LiCl T8 24 8.0 3.8 2.6

liquid desiccant

(1) Depends on cycle time; this is an assumed value with some experimental basis.

SECRET
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must be injected in this regard, because the actual physicel arrangement of
either type of system when using a liquid desiccant has not been worked out
campletely. The calculations assume that such arrangements can be made to
operate. The prospects of a practical, functioning unit based on either type of
system appear pramising, but considerable development work would be necessary.
On the other hand, physical arrangements of both types of systems
when using solid desiccants have been designed and operated successfully.
These units would probably be simpler than those required for liquid desiccants,

but the weight of the required amount of solid desiccant would be much greater.

Compression-Expansion Systems

Systems in which a gas is campressed, cooled, and then expanded with
work extraction are used for cooling gases in camercilal liquefaction processes.
The direct application of this technique to the desert-water-supply problem is
not attractive, primarily because of the difficulty of cooling the working gas
after compression. However, a system has been suggested that might be
practical. This involves a campressor-expander with a rotating cylinder block,
and regenerative cooling of the compressed air before it enters the expander.
The key to this possibly applicable system is that the water would condense
during the expansion process and be thrown clear by the centrifugal force
created by the rotation of the cylinder block, before the air was reheated by
passing through the regenerator. Such a machine would require a prime mover
to supply the operating power; the prime mover might be a solar-energy-operated
engine or possibly a man. The energy needed to produce the required quantity
of water has been estimated to be about 2 horsepower hours; this would probably

be too much energy to be provided by an average man.
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It is estimated that the weight of an appropriate campressor-expander
unit would be about 8 pounds, exclusive of the energy source. An air-cycle
engine, operating from solar energy, might weigh about 3 or 4 pounds.

This system appears attractive in concept. However, both the
compressor-expander and the prime mover would require appreciable development

effort.

Chemical Reactions

Water can be produced as a product of a number of chemlcal reactlons.
Common examples of such reactions are those underlying combustion processes. In
theory at least, one could burn materials which yileld large quantities of water
and collect the water from the cambustion gases. Many hydrides yield ap-
preciable quantities of water. For example, the cambustion of 27.6 pounds of
boron hydride (BgHg) will yield 5k pounds of water, or 1.96 pounds of water
per pound of boron hydride. Similarly, the cambustion of methane (CHy) will
yield 2.25 pounds of water per pound of methane. An even more direct approach
would be to burn pure hydrogen, which will yield 9 pounds of water per pound of
hydrogen burned.

Some additional weight would be required in connection with all of
these processes, in order to provide equipment for cambustion and for recovery
of the water vapor from the products of combustion. Moreover, storage of
gaseous fuels would be difficult. Storing under high pressure would reduce
the volume, but would of course require heavy containers. A suggestion has been
made that the hydrogen be stored at low pressure in balloons. This arrangement

offers the unique advantage that it would impose no carrying load on the man.
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However, it has some obvious problems in terms of volume, ease of handling,

and susceptibility to observation in hostile territory. For these various

reasons, none of the systems involving combustion appears promising.

Miscellaneous Methods

In addition to atmospheric air, rocks or soils represent a source of
water which might possibly be tapped. Many kinds of rocks contain trapped
water in amounts ranging from a trace to more than 10 per cent by weight. In
concept, a solar still or a simple solar furnace could be used to drive off
and collect the moisture from crushed rocks. This approach has been suggested
by North American Aviation as a possible means of obtaining water fram the
rocks on the moon. Probably the equipment could be made reasonably light in
weight so as to be portable. However, the applicability of this technique is
dependent upon the availability of suitable rocks.

Soils extract moisture fram the air and hold it in quantities which
depend on the humidity of the atmosphere, and the particle size and
absorption characteristics of the soil. The upper limit of the particle size
of soils which will absorb or adsorb water vapor fram the air is about 0.001
millimeter, corresponding to the particle size of a clay soil. Sand particles
are much larger than this, and would hold practically no moisture*. The value
of this source of water would depend on the availsbility of fine-particle
soils. Again, extraction could probably te accamplished by a solar still.
However, considerable effort would be needed to develop the required equipment

and techniques.

¥Puri, A. Ge., 'Soils: Their Physics and Chemistry", Reinhold Publishing Co.,
1949.
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FUTURE WORK

No further effort in connection with the provision of potable water to
a desert traveler is contemplated at this time. The three above-~outlined
methods which are considered to be quite promising have been discussed with the
Sponsor. It is recommended that the Sponsor give further consideration to
these. If the original specification of particularly the weight and also the
size desired for the unit of interest could be relaxed slightly, we believe
that a developmental effort to exploit any one of these methods would be likely

to provide a satisfactory unit for this application.

: 2
coaf )
R N v

Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03639A001500060001-2



Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03

, . / h o
P T/CeC
Ll/g o o € ce !

o

Thermodynamic Treatment of Air by Solar adiation

By J. if. Dannies

Bonn, Germany

Rise in temperature of matter by direct solar
for conventional

radiation is relatively small
Lechnical utilization, if solar furnaces or solar
mirrors are not additionally employed. Additional
solar machinery is expensive and reduces thermo-
dynamic efliciency by additional heat losses as
well as financial attractiveness by additional
amortization costs. Exploitation of small differ-
ences in temperature for transforming solar ra-
diation into air conditioning and into refrigera-
tion at cconomic running costs has not yet been
developed. The known thermodynamic reversible
cyveles are not cconomical, and other methods
have to be evolved.

‘A new reversible ecyclic process for treating

mixtures at atmospheric pressure with little rise
in temperature has been set up, and its utiliza-
Lion for solar air conditioning and solar relrigera-
Lion is shown. It establishes procedures that are
thermodynamically perfect and technically sim-
ple. Removal of drinking water from the air by
solar pumping, solar refrigeration, and solar air
conditioning arc obtained without any inter -
mediary machinery.
_ The new reversible eyvcle completes for humid
air the principle of reversibility for exchange of
heat or of matter either by utilizing differences in
temperature more perfectly than has been posi-
sible up to now, or by lowering the obtainablc
refrigeration temperature at the expense of the
cooling cffect. Exchange of heat and of matter arc
no longer different means to the same end. In
joint action they can now be employed for solving
opposite problems aiid thus complement each
other. ’

‘All changes of state in air conditioning and
refrigeration within the considered range of tem-
perature are performed in open atmosphere. In
practice they are approximately reversible and
do not demand mechanical or electrical worlk.
The new reversible cycle extends exchanges of
otate and matter of humid air from the curve of
caturation to the range of superheated steam.
The cyelic procedure for solar refrigeration re-
quires only water as a refrigerant and no other
hygroscopic substance or pressure except atmos-

pheric, and for drive small differences in tem-
perature suflice.

INTRODUCTION

All origin of our being arrives from the sun. Like
all other suns of the universe it is an aceumulation of
mass and energy, and like all other suns it aet= radio-
actively i reducing the existing level of energy. It
lavishes its mass, and e charaeteristic of the pro-
cedure is a permanent increase of entropy. Just as
water flows asunder, so energy and, consequently, muss
strive for the value zero at infinitely large entropy.

There are physicistz who suggest entropy may be an
oscillation. Then we have eaught with “entropy” a
lappet of a certain luw of nature, the rest of which is
unknown to us. If so, entropy would be a funetion of
time, and ages later it would have the opposite tend-
ency and decrease until the amplitude of oscillation
has been passed again. Then entropy would once again
start to inerease; and a new edition of “our universe”
would have to follow “our universe” with all its physi-
wal limits at all four boundaries because of Iinstein’s
hypothesis, and eternity would be present in physies.

However, philosophy in natural sciences does not
lead away from the initiator of all our actions and
reactions-—increasing entropy. Philosophy tries only to
explain by mankind’s conscious actions and reactions
to inereasing entropy, every development by its rules.
Tortunately for our opinion of destiny, nature is patient
and does not seemn to count time as we do. For it permits
braking of flux of energy to zero by accumulating
energy quantities in wood, conl, oil, ete. It always acts
elastically and postpones the striving of entropy to

.infinity wherever reasonably attempted. All living

beings have found existence on this clasticity, but the
strive to infinity can only be braked and never stopped.
All our conscious and unconseious actions and reactions

are directly and indirectly based upon this order.

ASil')c‘e mankind started to act logically, interpolation
of procedures into the flow of entropy to infinitely large

- size hasbeen tried. With mental perspiration, experience

interpolating into the flux of energy has been brought
into an order recognizable to us. By this order mankind
is sometimes led to procedures which are economic in
relation to flux of entropy. In thermodynamics these
procedures are called “reversible cycles”—n precise
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term that rules as well as criticizes. Every procedure
not harmonizing with reversibility is to be refused as
it does not fit physically into our destiny—flux of
entropy to infinity. .

Branches of physies of unarranged masses, like
thermodynamices, especially need reversibility as a eri-
terion of physical cfficiency. Up until now very few
reversible eyelie procedures have been found for han-
dling solar energy accumulated on the way to infinitely
large entropy. These stored quantities are of another
kind and another quality than energy delivered by
direet solar radiation. For this reason success will most
probably not be permanent for solar plants that com-
bine direet solar radiation with conventional machinery
which runs at a reversible cvele defined to accumulated
solar energy. :

The conventional way of engineering thinking in
thermodynamies is application of high temperatures for
moving small energy quantities. The method has always
proved to be correet if, into flow to infinity of entropy,
reversible thermodynamieal cyeles for the use of aceu-
mulated solar energy are interpolated. Accumulated
solar energy and  direet solar
Dircet energy  presents
abundance, but they can be received only at low
temperatures  if  complicated and  expensive  solar
apparatuses are not interposed. For this reason, modes
of treatment of energy other than the customary ones
must be found before thermic and economie efficiency
ix proved.

This need ean be met, and methods of utilizing
direct solar radiation are already known which solve
technieal problems and attain remarkable efficiencey.
They employ reversible eyeles, which have been un-
known up to now and have been born out of the novel

cnergy differ widely.

solar energy  quantities in

situation in which the abundant solar energy quantities
are received at low temperature level. Tor instance,
solar radintion is transformed into eleetricity diveetly
by photovoltaie converters. They gain 11 per eent and
more of the incident solar radiation in the form of
clectrie (!11(‘1'5_!;}'.2 The pereentage is of an order that
provides teehnical and perhaps already finaneial ccon-
omy.

A search for o reversible eyele harmonizing with
direet solar refrigeration and direet solar air condition-
ing has alko been reported during the past v ars.” The
reported testx indicate that already arrangements of
absorption  refrigeration procedures besides conven-
fional ones are possible, and relatively low boiler tem-
perntures have been wsed. Thus, the production of
drinking water by solar radiation from brine of the ton-
sisteney of sea water is accomplished by boiling by =olar
receneration, followed by condensation within inert gaus.
The procedure used s in effect the same diffusion pat-
tern employed for the Intest absorption and resorption
refrigerators. However, all these tests deseribe methods
for the saturated and not for the unsaturated state of

the cmployed mixture. Keeping to the saturation curve
of pure humid air means a limitation in thought, and
availsble possibilities are not recognized. The desived
reversible eyelic process will not be found along hut be-
side the saturation curve of humid air. Work on another
aspect; of refrigeration thermodynamics produced years
ago the necessary reversible eycle; it belongs to the
thermodynamics of mixtures.

Thermodynamics of mixtures is a relatively young
branch of knowledge. It had not been advanced sufli-
cientlv for giving a summary survey® before 1937,
though the reversible cyclic process in question was’
recognized in 1928. Intense practical work on it started
in 1930.° Tt was presented publicly’ for the first time
in 1936, and it was discovered in developing absorption
krvotherms* and resorption kryothornxsﬁ? Sice the
advantages to solar techniques ake ob vious" it soems
advisuble to discuss the new reversible evele in con-
nection with solar plants in detail.

WEVERSIBLE CYCLIC PROCE3S WITH
HUMID AIR AND ABSORBENT

Curtomary refrigeration processes o not suggest
divect use of solar radiation. All depend upon utilization
of solar energy stocked in one or the other natural
enererr accumulators, Most of them even require trans-
formation of thix stocked energy into mechanieal work

for producing the required effect. Usual y, complieated

arrangements are necessary, and permanent service of
machinery is unavoidable. Such requirements do not
suggest searching this conventional body of ideas for an
existing solution of the unconventional problem of using
direct solar energy for treatment of air w refrigeration
processes.

TTowever, roots for application of direet solar radia-
tion exist already. Many difficulties are climinated if
meele nical work is not needed. Mechanieal work is
already considerably redueed in employing absorption
refrigeration instead of compression refrigeration, and
meelrnieal work s entirely cut out if absorption
krvotherms are used. They reduee the drive for the
refriceration plant to the supply of heat produced cither
by combustion or electrie resistance. The same principle
of procedure would hold if direct solar adiation could
be used for driving the plant, and if the system could
he rur with the refrigerant water, as water 1= one of the
olemonts of life and cuts out all of the dangers of eus-
tomery refrigerators. Furthermore, water ix cheap and
prosert everywhere.  Atmospherie air
vapor, and all water vapor rising

carries water
after cvaporation

* Absorption and resorption refrigeration machines without
mwoviag parts, without mechanical pumps, without valves, and
with additional inert gas are also an invention of 15 Altenkireh.
He and his collaborators ealled thix type of refricerator “kryo-
therm'". Therefore, this term ix also used in this paper.

+ "he National Physical Laboratory of Iseael has recog-
nized the importanee of the now reversible eyvele. Luvge-seale
to~{s have been started to eoordinate this type of refrigera-
tion s th elimatic conditions at the site,
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would not have to be collected for pedantically sep-
Carated condensation but could be exhausted at any
place.

IKryotherms make use of: (1) internal heat exchange
without requirement of mechanical work; and (2) in-
ternal exchange of matter also without performance of
mechanieal work ; and one may also presuppose (3) that
the evaporated refrigerant quantity is moved by dif-
ferences in temperature in utilizing certain geometrical
configurations of the kryotherm. Solar radiation causes
less rise in temperajure thun is neeessary for known
krvotherms; therefore, all movement of the evaporated
water would have to be caused by smaller differences in
temperature than tha boiling heat that the customary
kryotherm delivers. These three presuppositions have
to be serutinized for the suggested drive of kryotherms
by direct solar heat and for the employment of water
as the refrigerant.

By internal heat exchange different stages of tech-
nical procedures are often connected. Thus the heat
exchanger between concentrated and dilute solutions
of an absorption refrigeration machine may exchange a
large quantity of absorption heat and often contributes
decisively to the cconomy of the procedure.

Internal heat exchange usually excludes external
work. The acting quantity of matter is led along one
side of & surface to a high temperature and then returns
along the other side to a low one or vice versa. The
mathematical limitation is exchange of very large heat
quantities while at tae place of reversing the direction
of flux of matter very small heat quantities are required
for maintenance of the procedure. There are no diffi-
culties in the use of any size of heat exchanger in any
machinery. They work without motion and do not re-
quire any mechanieal work while the substances ex-
changing heat pass, ~hus fulfilling the first presupposi-
tion.

Similarly, internal exchange of matter can connect
different stages of a procedure. For example, humid air
¢an be dried by diffusion through steam-permeable
walls. Along them an air current is passed in counter
current, going to a room of very high dryness and then
returning. The procedure is used for ventilating rooms
to be kept at negligibly small humidity. With this
internal steam exchange, rooms are ventilated, and
noxious gases are reraoved at the same time. The pro-
cedure shows that irternal exchange of matter is pos-
sible without moving machinery.

At all these interckanges in temperature and/or com-
position, one quantity of substance moves first in one
and then in the reversed direction. Such working cycles
.are obviously reversible. For instance, cooling air by
volatilization of water until the dew-point is attained
ix made possible if heat exchange is arranged between
the dry air which runs to the surface of volatilization
and the humid air which leaves this surface.

The first and the second presuppositions are then

fulfilled. The third one raises difficulties, as the use of
water for refrigerant in mixture with the inert gas,
“dry air,” does not scem to be of suflicient elasticity.
Up to now the mixture has been known to be control-
lably varizble only in humidity contentx along the
saturation curve. Within the zone below this curve,
water vapor contents of humid air have not yet been
controllably varied. Thermodynamically the difficulties
can be comprehended into two requirements:

(1) Independenee of the saturation curve of pure
water is to be obtained in exchanging humidity con-
tents of air.

. (2) Between humid air and absorbent the state of
cquilibriunt has to be found for exchanging water vapor
(uantities.

The key to the problem is offered by hygroscopic
substances. The vapor pressures at the surface of
these absorbents supply the wanted solution, and
hygroscopic matter is availuble in abundanee.

Simply placing absorbent into an air conditioner or
refrigerator does not yet gain veversibility. All proce-
dures with hygroscopic matter for drying or humidify-
ing air known up to now do not even approach re-
versibility. Careful separation of hygroscopie substances
that carry different loads of humidity and conscientious
conduct of the procedure are necessary. Otherwise,
satisfactory approximation to reversibility will not be
obtained, and always entropy flux to infinity determines
that the rate of approximation to reversibility decides
thermodynuamic and, consequently, financial economy
of the procedure.

Connection of the principle of reversibility of ex-

change of matter to hygroscopic absorbent scems to he

the most perfect means to lead reversibly to every
desired procedure in refrigerating humid air by solar
eadiation. The connection permits running the re-
versible cyelic procedure under atmospheric pressure,
and the three presuppositions dictate obviously a
system of four ecomponents for the needed refrigeration
mixture: :

(1) First mixture with the components (a) inert gas,
for maintaining atmospheric pressure, and (b) humidity
in form of water vapor;

(2) Second mixture with the components (a) ab-

sorbent and (b) humidity, absorbed in the form of
chemical composition or adsorbed in the form of liquid
water. .
By this enumeration an open kryotherm is already
described working with four components, if dry air is
considered to be the inert gas and water is used for
refrigerant. This composition delivers a new refrigera-
tion procedure, if solar radiation will suffice for a ve-
generation.

Direct solar radiation is received at relatively low
temperatures. It thus limits choice of absorbent, which
always requires certain temperatures for regeneration,
depending upon physical as well as chemical qualities
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Fre. 1—ITumidification of air—obtaining water from the air
by solar pumping in arid zones.

but there remain quite a number of liquid as well as
solid absorbents which comply with the temperature
conditions of solar radiation. Suitable solid substances
often work with phenomena of hysteresis in sorption;
but, these do not disturb performance, and. solid sub-

stinee is convenient to run o plant of commutating,

action, as plants driven by solar radiation have to be.

The thermodynamies of the procedure is somewhat
complicated. At least three substances (inert gas, hu-
midity, and absorbent) are involved; and, additionally,
heat flux, which oscillates peviodieally with the com-
mutating action, has to be considered. A method of
presentation in a diagram is possible which permits
constderable  simplification in explaining  thermody-
namic associations. It reduces the explanation to a
consideration of two variables: the pressure p and the
absolute temperature 7. The variables appear in the
form of log p and of the reciproeal temperature 1/7.
With them, the dingram represents absorbents of con-
stant water content by a straight line, and, if {or inert
gax dry air is uxed, the present water vapor pressure
corresponds to the partiad pressure of the humidity of
air.

Humidificzation of air is shown in Ifig. 1. It may be
humidified at optional differences in temperature. The
difference may be very small. In order to present actual
vidues of a procedure, Fig. 1 and both the following
fieires present data of the mixture of sihea gel with
water,

Abzorbent, of different.
spondingly different water vapor pressures p» and py is

humidity loads and corre-

sitnated within o warm range of temperature (.- -the
recenerator. A correspouding quantity of absorbent is
situnted within a colder range of temperature £.- -the

absorber; its partial pressure falls from ps to pr.

It air from the free atmosphere of the state of <tarting

20

point 1 enters, it is led to the regenerator and accepts
the temperature f, of the water vapor pressure p..
It passes the regenerator, and its humidity is increased
by vapor rising out of the absorbent ia regeneration.
At the end of regeneration the partial pressure rises up
to p.. With this vapor pressure the humid air isx led
into a cooled room, where it loses temperature, As soon
as the temperature ¢, of point 4 is attained, condensa-
tion suarts. Condensation is carried on until the lowest
possible temperature ¢ is obtained, and the gained
water quantity is led off at point 5.

Tren the air leaves for the absorbens in the cooled
absorber. The air entering the absorber is still humid,
as indieated by the partial pressure ps. The absorber

carries on drying and loads itself with humidity, until

the d-ied air leaves it with theyvaper pressure ps.
The difference in pressure (p: — p7) indicates the
water quantity that has been retained in the condenser,

For this procedure the eycle may be run in the
direesion of the drawn arrows. Effective regeneration
and absorption can also be arranged by reversing the
flow o inert gas. The periods of producing water may
coincide with solar periods; they.may just as well con-
form to constructive or other regulations, and all de-
grees of liberty in disposition are mainte ined.

In the procedure the first water quantity enters the
moving air in the regenerator. The sceond water quan-
tity is absorbed out of air in the absorber, and the same
quantity of water always changes place from absorbent
in regeneration to absorbent in absorption. Then the
difference in pressure (py — ps) indicates in first ap-
proximation the water quantity that is. gained by
condersation. This water quantity has to be the same
as thet indicated by the difference in pressure (p. — ps).
The water quantity changing place parpendicularly
depencs upon atmospherie conditions of the air to be
treated, and it can rise to a considerable amount of the
condensed water quantity. In first approximation the
waler quantity changing place i in direct proportion
to the difference in partial pressure (p; — p2) respee-
tively. (ps — p7) and the relation (ps — p5)/(p2 — p7)
may be optionally large, and the difference in tempera-
ture (7, — t.) for the impulse of the procedure may also
be optionally small. Consequently, the first eriterion of
reversibility is fulfilled, and change of state not along
the saduration curve but within the zone of super-
hested vapor is obtained.

Thermodynamically important 1s tho discernment,
thet the mixture of two components, inert gas and
water vapor, must be treated by o second mixture of
at least two components, if change of state is to leave
the saturation curve. Practieal arrangements of the
evele ere simple, as it is usually founc with funda-
mentel y good procedures. Without external or internal
mech: vical work, liquid water ix obtained out of even
very dry air. The proeedure may therefore be employed
to dry rooms to a desired degree, if the air to be treated
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I'iG. 2—Dryiag of air—solar air conditioning in humnid zones.

enters the set from these rooms and not from the free
atmosphere,

The procedure in Fig. 1 deseribes the left-way cycle.
Reversibility requires proof of existence of the right-
way eycle. It is given by the opposite task. This is
drying of air by optionally small differences in tem-
perature. The right-way cycle has been drawn in Irg. 2
The condenser of TFig. 1 is in Fig. 2 replaced by an
“ovaporator” between points 3 and 4. Now air of the
free :11-111()51:1101'0, of the partial pressure pr = p., enters
first the whsorber of the cold temperaturc . The

" entering humid air is dried by the absorbent until the
partial pressure ps is obtained.

Then it may be led into a room either to be dried or
to be cooled, and within, the partial pressure rises to
pa. 1t ‘wecepts the temperature ¢, when, after leaving
the room, it meets the absorbent regenerated by solar
radiation. llere the moving air is reloaded with hu-
midity re-urising out of absorbent until the partial
pressure ps is obtained. With this humidity the air
leaves for tae free atmosphere.

In comparison to the water quantity receivad by the
air in passing the “evaporator”, the water quantitics
exchanged by absorption and regeneration at the small
difference i1 temperature (f. — &) may again be op-
tionally small. Again the water quantities correspond to
the fraction in partial pressures (p» — ps)/(pe — Da).
Therefore, the right-way ecycle also fulfills conditions
of reversibility, and reversibility of the new ecyclic
process is proved.

Small differences in temperature have been inten-
tionally presupposed iu the description of the drive of
the procedure. Unavoidably, the thermodynwmic con-
sequence is that a certain minimum quantity of heat
must be exceeded. for the drive of the cycle, and in
economic consideration a cheap source of energy for
the drive is necessary, i.e., infringement on entropy
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flux to infinity has to be padd for. Yet reversibility
rewards by reducing the payment, and only asmall rixe

in temperature is necessary for movement of aire As

solur radintion is of long duration per day, relatively’

Lrge quantities of absorbent become necessary, and

absorbents of excellent qualifieation, as well as of Jow
price, have been found and tested for running the

procedure.

Assuming that the differences in temperature for the
drive must be small would be o mixapprehension. Their
smallness has been chosen to demonstrate reversibility
of solar phkmts. Wherever larger differences in tem-
perature are available, they muy be employed for the
developed eyele. The larger the ditferences in tempera-
ture that ean be produced for driving the plant the
greater the ceonomy in energy consumption.

It saving of artifieial energy is requived, the new re-
versible eyele can be utilized for heating as well ax for
For g, 3
drawn. It shows the first step in obtaining temperatures
lower than atmospheric ones, The procedures for solar
refrigeration plants have been developed much further
than Fig. 3 indieates; yet desceviption of this first cooling
step demonstrates refrigeration methods, as well as the
connection of the eyele of Fig. 3 to that of Ig. 2.

Air enters the absorbent of drying action in the state
of point | and is dismissed for the room to be refriger-
ated in the state of point 3. Additional drying and the
reduction of the vapor pressure of point 3 still further
is necessary for cooling, as the evaporation tempera-
ture depends on this pressure. This additional drying
of the moving air may be done by absorbent which has
been regenerated at higher temperature than f. In
the same manner, drying by a substanee of lower tem-
perature than {, is possible. The lower temperature
may be obtained first by heat exchange between points
3 to 4 and points 6 to 7 and then by water or ice in

refrigeration. demonstration, has been
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intermediary heat exchange until point 5 has been
attained. In this case the air current returning from
the cooled room passes the absorbent in regeneration

under conditions that may even cause t, < t, as it
has been drawn in Fig. 3. In regeneration, the partial

pressure rises from p7 to ps. .

Thix reversible eycle is entirely different from cus-
tomary cooling of air by ice or by water in evaporative
coolers, and the procedure is as far as possible remote
from reversibility. It bars reversibility by change of

stite at constant enthalpy and—worse—at increase of |

entropy. Iivaporative coolers do not pay attention to
air being thermodynamically a mixture of two sub-
stances which at constant pressure can be reversibly
treated only by a second mixture.

In the cyclic procedure of Fig. 3 a steam quantity is
delivered by regeneration that corresponds to the dif-
ference in partial pressures (ps — p;) while at the place
of changing the direction of flow o water quantity is
removed that corresponds to the difference in partial
pressures (py — pr). Again (¢ — £,) may be small and
again (py — p7) may rise considerably above (s — p2).
The obtained increase in refrigeration must, therefore,
correspond to the relation (ps — p7)/(ps — py). This
inerense obviously comes more into effeet the warmer
and the more humid the air to be treated. It nresents
the key for development of every refrigeration pro-
cedure of the new eyele.

Superiority of the new procedure to evaporative
coolers is also proved by Fig. 3. The figure demon-
strates that the new cyele has the same refrigeration
effeet with only § to 4 of their consumption of water
or ice.

Nearly all these thermodynamic possibilities have

heer known. The new cyclic procedure offers for the
first time their technical utilization because now every

.desired change of state can be run reversibly for treating

air of unsaturated as well as saturated water vapor
contants.

The methods are presented in the log p — 1 /T dia-
gram. As simple as the practical plants are, diagram-
matical simplification should not hide the intricacy of
calculation of the procedures. With actual figures,
troublesome methods of convergence become neces-

sary, and only approximately correet results ean be

calculated. The temperatures of humidity. contents of
the absorbent are expressed in the dgiagram by iso-

‘therms, and these are the straight linas, Actually the

temperatures follow curves which approach only the
lower or the upper end of the drawn isotherms. The
effective form of these curves, and with them the aetual

diagram, always depends mainly upon the quantity of
nert air passing through the mass of absorbent.
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Wirmetechnik, July 1956: 200.
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Solar "Water Pumping

By J. 1. Dannies

Bonn, Germany

The left-way cyclic process, introduced in the
preceding paper, is described for obtaining water
out of air. Two working methods are utilizod. The
first onc delivers drinking waler out of air wi.thout
any service, maintenance, ete. The second nicthod
requires opening a cover above the absorbent
during the evening. The quantity of drinking
water depends on elimatic conditions at the site.
In Central Europe, the water quantity ob'ained
with the sccond procedure corresponds to 0.90
to 1.70 mm daily rainfall on a yearly average. In
the North Sahara, about 150 to 200 miles of-coast,
it is about 10 per cent more. Water delivery of the
first procedure is less. The delivered quantity de-
pends also upon climatic conditions at the site.
More water is obtained in dry zones, but delivery
will never be of the same quantity as given by the
second method.

INTRODUCTION

The left-way cyele of the new kryotherm for humid
air has been deseribed in the preceding paper by ex-
plaining enforcement of condensation of humidity con-
tents of atmospheric air. The cycle consists of absorp-
tion of humidity out of air and of regeneration in
dismissing hamidity into air. For regeneration, heat
is to be intrcduced into the apparatus, and absorption
requires discharge of heat. If solar radiation is used for
regeneration heat, the part of the water pump receiving
solar heat must be exposed to sunshine, and the ab-
sorber obviously requires shade. Both demands can be
fulfilled ximultancpusly or successively. Both Tossibili-
ties requice different designs which shall be discussed.

Tor simultancous resorption and absorption, motion-
less operation of the cyelic process is obtained simply
by situating she first main axis of the solar water pump

“in a north-south direction and the second one perpen-

dicular to the surface of earth. Then in forenoon the
cast part is regenerated by solar radiation, and the
west part s situated in the shade and in absorbing
action. In the afternoon both parts reverse their action
beeause of the change of angle of incidence of solar
radiation. '

Successive regeneration and absorption of solar plants
is‘obtained by using solar radiation during the daytime
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for regenceration and during the night-time  without
sunshine for absorption. The suceessive as well as the
simultaneous procedure may operate in a cyele of one
day, and then the working period of =olar water pumps
will coineide with the daily period of sunshine. This
parallelism in time of period and of daily solar radiation
is not compulsory. Duration of the worliing period in
regeneration and absorption may laust from one second
to the whole day in order to correspond to uny tech-
nical requirement.

More important than the time question are the dis-
positions for absorbent. If, for instance, for the period
of one day:

(1) Two quantities of absorbent are arranged for
simultaneous action, each time of absorption and re-
generation will last about 6 hours. Absorption time of
the first absorbent quantity 1s regeneration time of the
sceond one, and vice versa.

(2) One quantity of absorbent is arranged, the times

of absorption and regeneration have to follow cach
other in successive operation, and euch time of work
will last about 12 hours.
The water quantity obtained with the second procedure
is greater than that with the first one. The cause is not
this doubling of time; there ix another reason. IFor the
sccond procedure the solar water pump has to be situ-
ated with the first main axis in a north-south direction
and with the second one exaetly cast-west. For the firsg,
procedure the first main axis has also to be situated in
a north-south direction, but the =econd main oxis has
to be perpendicular to the surface of the carth for
automatically reversing the cast side regeneration into
absorption and viee versa for the west side. Then the
sccond procedure receives only a fraction of the solar
driving energy. As the intensity of solar radiation fol-
lows in first approximation the =ine curve, with maxi-
mum at 12 o’clock, a considerable portion of the encrgy
collected for regeneration of the first procedure is lost,
The solar drive can obviously be thus reduced to less
than 50 per cent of the second procedure.

SIMULTANEOUS SOLAR WATER PUMPING

The technical scheme of a simultancous solar water
pump is given in Fig. 1. The sketch is to represent a
cross-section. Both side walls arc made of heat-per-
meable material. They have good thermal contact to
the absorbent.
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Fra. 1—S8imultancous solar water pump.

Heat received for regeneration has to he well retained
within the compartment that contains the absorbent, as
an e temperature as low as possible has to be main-
tuined for condensation of steam. Insulation between
both the external compartments and the condenser ro-
duces the heat flux through their back. To prevent solar
heat from entering the condenser and the absorbent
compartment the ceiling has also to be insulated.,

The condenser is made of material of small resistance
to t.+ Jux. The form has been drawn schematically in
the sume manner ax the sketeh for elucidation of tech-
nical action of the left-way cyelie Process.

During forenoon solar radiation strikes the external
east wall. The ineident heat flows fnto the air contents
and into the absorbent within the asterly air duet. By
thix heating the absorbent releases retained humidity
in the form of steam. The steam enters the air volume
within the easterly air duet and inerenses the relative
humidity of this volume.

At the sume time the entering heat raises the teme-
perature of the air contents. Both influences diminish
the specific gravity of the aiv. This air volume swims
within atmospherie air and stirts ascending. A kind of
chimney draught comes into existence within the
casterly air duet, and the air moves during forenoon
i direetion of the drawn arrows.

After deaving the duet the air enters the condenser.
It i< sttunted in the shade and of lower temperature than
the wir duet where the air enters, Therefore, the air is
cooled in the condenser.

The considered air volume ix pressed through the
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condenser by new warm air which arrives from the
easterly air duct during forenoon for the same reason.
The air volume leaving the condenser is then compelled
to enter tae air duct of the west wall, which contains
unsaturated absorbent and where the movir @ air loses
its humidity by absorption. The rising absoiption heat
leaves the westerly air duct through the westerly heat-
permeable wall situated in the shade during forenoon.

Experience teaches that the main part of the hu-
midity curried by the moving air current is absorbed by
the upper part of absorbent. The following way through
the lower Hart dries the moving air to o lower degree of
humidity than it possessed when entering the apparatus.
Granulation of absorbent depends upon this knowledge
of the dilference in absorption.

The absorbing part also implcmcntﬁ the movement
of air. Here buoyancy is lost by delivery of specifieally
light vapor to the absorbent, and specific gravity is
further increased by cooling for absorption. 3oth influ-
ences draw the air from the regenerated part. The air
volume between the casterly and the wester ly parts is
like & connecting ribbon, and permanent. flux of air re-

~entering the free atmosphere behind the ehsorber is

maintained,

During the first forenoon water is not yet present in
the eondenser. Only o certain amount of humidity of
the air pussing the solar water pump is retained. This
humidity quantity does not suffice to saurate the
absorbeni completely, and the absorbent must be situ-
rated before any water quantity is delivered. This
saturation by air takes some time.

During the afternoon solar radiation heats the west
wall, anc the same procedure is repeated. The tem-
perature cf the air and absorbent rises by solar heat
entering the westside air duet, and now the east wall
remains cool. Water vapor pressure within the westerly
absorbent rises correspondingly, and it expels vapor,
This vapor quantity eauses a rise in humidity contents
of the air within the westerly duct. By it and the rise
in temperature the air starts moving, but now in re-
verse to the direction of the forenoon.

The vupor entering the solar water pumpy together
with the dry air is, during the afternoon, of about the
same quantity as during forenoon: but the v por quan-
tity, moving within the solar water pump f{rom the
westerly to the easterly air duet, is now greater, be-
cause the moving air current receives additionally the
vapor quantity which has been absorbed by the ab-
sorbent of the westerly side during forenoon and which
now is driven out of the absorbent again by solar radia-
tion. The present vapor pressure is now obviously
higher than during morning hours, During afternoon,
therefore. more moisture is offered to the al sorbent of
the oo *than has left it during forenoon.

Howevers, the air leaves the casterly air duet drier
than it cutered the westerly one beeause the easterly
quantities of absorbent which are down-situnted have
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also been heated durii; forenoon. By this regeaeration
they have been dried and are now of strong absorbing
action.

Iueh air quantity thus percolating the solar water
pump iéaves water within. The retained quer tities of
humidity ircrease the water contents of the absorbent
until at last a humidity quantity of certain weight
starts an oseillating movement of vapor between both
the masses of absorbent. In the condenser, then, a
relative hunidity of 100 per cent is always maintained
while the temperuature of moving air sinks and bamidity
must inll out. Then an *“‘artificial rain” is sturted be-
tween both the masses of absorbent and delivers the
required liquid.

One hundred per cent relative humidity remains for
the air that leaves the condenser and always delivers
witer to the absorbent of the shaded side to such an
extent thas after each change of direction of solar
radiation & new quantity of humidity is supplied to the
circulating air for maintaining saturation. By this arti-
fieial atmosphere of 100 per cent within the internal
room of the solar water pump, delivery of water becomes
entirely independent of humidity conditions in the
free atmosphere.

The absolute humidity contents of the air quantity
pussing the pump are almost entirely retained by the
down-situated absorbent, and they are the ga ned water
quantities. Their weight varies with the humidity con-
ditions- at the site. Likewise the intensity of solar
radintion ot the site influences performance, aud the
delivered water quantities are a function of the eli-
matic conditions. In dry tropic and subtropic zones the
simultancous solar water pump is of unique perform-
ance. For instance, in the Sahara, about 150 to 200
miles off-coast, drinking water has been gained at
relative humidities of less than 5 per cent.

Up to row, large simultancous solar waier pumps
have not been run in permanent installations. "The
principle of this kind of solar water pump has been
proved by test plants. The largest type has been 22 sq tt
on either side receiving solar radiation. This test plant
wus run in Central IEurope, in South Italy, and in the
Sahara. Practical experience with these test sets has
<hown that humidity can leave the unit again at the
end of the half-day period, and then efficiency decreases
if the quantity of acting absorbent is too sl for the
climaiie conditions present. Similarly a decrease in
efficicuey s found if the moving air quantity becomes
too large for the quantity of absorbent present.

The gained water quantity depends upon the ab-
sorbing capacity of the absorption materigl, its quan-
tity, and “1pon the attained regeneration tenperature.
By throttling the moving air volume thesc depend-
encies ean be influenced. The optimum of gained water
quantity is obtained by regulating correctly the moving
air volume. Every solar water pump has a certain ratio
between moving air volume and present ¢ uantity of
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F1G. 2—Successive solar water pump.

absorbent which depends on elimatic conditions at the
site. It has to be regulated only once when starting.
Then it runs without any serviee or maintenance.

SUCCESSIVE SOLAR WATER PUMPING

Solar water pumping by successive absorption and
regeneration was assumed to take double the tme of the
simultaneous procedure. The period is to st 24 hours,
and solar radiation for regeneration is to he utilized
during the whole day. The receiver of solar radiation is
situated north-south us shown in the technieal scheme
of Fig. 2. In the northern hemisphere the reeeiver will
aceept solur radiation arriving from the south, ax the
sketeh demonstrates. In the southern hemisphere solar
radiation arrives from the north, and the indications in
the sketeh of north and south have to be exchanged.

The receiver of solar radiation is the main part of
the arrangement, as it keeps the pump runving. The
solar water pump has to be situated in such o way that
the solar radiation is received not quite perpendicu-
lar, and movement of air is induced within the receiver.
This is obtained by a somewhat oblique position of the
receiver of solar radiation. Then all aceessory parts can
be situated for meeting technical or other requirements.
One of these solutions has been sketched in Fig. 2.

The receiver is to be painted with o color thut ap-
proaches absolute black; likewise, the side walls of the
simultaneous solar water pump of Fig. 1 have to be
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colored. The material used for the receiver is of the
same small thickness and of the same good thermal
conductivity as that chosen for the external walls of
the simultaneously working solar water pump.

Below the collector of solar radiation, louvers are to
retain heat rays from the condensing surface. The air
current caused by heat leaving the condenser is shown
by arrows. They are to indicate the warmed air which
rizes from the condenser and then passes the receiver.
To protect against loss of solar heat, this air is obviously
better than air of the temperature of the surroundings.
Still better is insulating the receiver at the underside,
thus eliminating unwanted heat flux almost entirely.

The absorbent is packed into a compartment. The
compartment of Fig. 2 shows movable covers. Upon the
situation of this compartment, upon its covers, and
upon their service all the various designs of the sue-
cessive water pumps are based.

The compartment of the design of Fig. 2 is divided in
the middle by a separating wall enforcing a certain
airway. For regeneration, the best collection of arriving
heat is necessary, and, therefore, the compartment is
painted in dull black at all surfaces facing south. Both
the side walls and the north wall are situated in the
shade, and during the daytime are always at a lower
temperature than air coming from the receiver of solar
radiztion. To minimize heat loss for increase of regen-
eration, the covers of the north wall and of the cast and
west side are insulated.

During daytime the absorbent is kept in a parallel
posttion which enables movement of air at low resistance
against flux, During night-time all covers are opened.
The regenerated absorbent is brought into such a posi-
tion that air can lave around all sides and easily deliver
humidity for new ahsorption. The night-time position
of absorbent and covers is shown in Fig. 2 by dotted
lines.

The working method ix just as simple as that of
simultancous =olar water pumping; but there ix o dif-
ference. While simultaneous solar water pumps work
without serviee, suceessive solar water pumps require
opening of covers above the absorbent and the ab-
sorbent hasx to be put into night-time position. During
the night the temperature drops. The decrease of night
temperature depends upon certain qualities of the en-
vironment. In dry tropieal zones the differences he-
tween day and night are considerable. For instance,
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Colomb-Bechar, situated in the rain shade of the Atlas,
about 500 miles south of Oran, has on the average the
results shown in Table I. These figures are average
values and the actual fluctuations are larger. Some-
times during night-time even the state of haze is ap-
proached in the driest zones.

The percentage presents the relative humidity, and
the dat:iv show those known dry desert climates which
have an absolute humidity of 20 to 55 grains vapor per
Ib dry air. This specific weight is not much less than
the absolute humidity contents of Central Tluropean
air. The humidity suffices adequately for solar water
pumping of successive action, as tests in these desert
climates have proved. It saturates the absorbent during
night-time up to the state of equilibrium corresponding
to the present humidity. !

Before the sun rises the absorbent is put into dehy-
drating position and the covers are closed. No other
service is required. Then solar radiation heats the air
within the receiver. It becomes warm and loses specific
gravity. It obviously starts rising out of the receiver
i the cirection of the drawn arrow and flows into the
packets of absorbent. )

The ¢bsorbent is heated by the arriving warm air. It
releases vapor upon being regenerated and humidifies
the eniering air. The humidified air leaves for the con-
denser. This air is still considerably warmer than the
air of the free atmosphere. and the vapor from the ab-
sorbent travels with the moving air. When passing the
conderser the air is cooled, and humidity falls out by
condersation. A better expression is perhapsg “water
thaws’ out of the moving air.

Wher replacing part of the condensing surface by
glass, one may see the formation of dew drops on the
glass. "The falling drops are colleeted. The same thing
oceurs in winter when the windows of a warm room
become wet by condensation. Following all the pro-
ceediniys visually in detail has generally proved to be
the best method in evolving solar refrigeration from the
theoretizal range of ideas.

The water received is not gained in uniform quanti-
ties. nor does it depend only upon the daily fluetuation
of solar radiation. Another effect influences and delays
the pesformance. The warmed air arrives at the first
volume of absorbent and regenerates it. The rising
water capor enters the moving air eurrent, but it is not
vet citied to the condenser. [t is re-absorbed by ab-
sorben - between the place of beginning regeneration
and the exit of air out of the absorber.” Herewith the
volume of absorbent is regenerated in the beginning,
and the remaining volume of absorbent is additionally
loaded rvith humidity. The delimiting surface between
regeneated zone and loaded zone s thus gradually
moved on, and the water quantity of the loaded zone
beeomes larger and larger. Then the state arrives that

-~

the quantity of absorbent not ver regencrated cannot
receive any more humidity, and now the whole quan-
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tity of huridity raised by regeneration rema ns within
the moving air current. The humidity loid of the
moving air becomes heavy, and during the las: time of
regeneration-a really damp mass leaves the absorbent
in vegeneration to be condensed.

After being dehumidified to a desree depending on
the atmospheric temperature around the < ndenser,
the air is drawn out of the condenser and returned to
the receiver. IHere it is rewarmed and the -ycle re-
started. The procedure has been tested with a plant of
practical size. The solar receiver was of a size of 22 sq {t.
Larger pernanent plants have not yet been -un. The
tests.were run in Central Europe up to a lvitude of
about 52°, further in Southern Iurope, and in the
Sahara. }

Three test plants of this size were always 2-ccted at
about 1.5 10 2 miles distance and conjointly -un. The
net results can therefore be considered tc be safe.
There have been obtained:
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Central Enrope at 50 1o 52°

Mav-August, 03 1o 006 USA (s t/day
Mureh-April ana September-

October . 0 0. 0,07 1o 010 (U s - day
November=February ... ... iven during this dime drink-
. ing water is obtained here,
Beenuse of relatively stadl so-
lar rudiztion an 517 to 52°N
the gained water quantities
are =mall.

Saharn, about 150 1o 200 miles off-coast
June=July (muax.y.ooooo0 C0U16 10 0.20 UNA gt /sq ft/day
January (min.j . 0.03 10 0.06 USA t /~q f1/day

These water quantities from the air and not from a
well are surprisingly large. They prove, for instance,
that the roof of a building in dry zones will suffice for
obtaining from the air more drinking water than the
inhabitants require.

NOTi: Solar water pumping by absorption kryotherms is
treated for the first time in public by this paper. For this
reason, other litersture cannot be enumerated.
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Solar Air Conditioning and Solar Refrigeration
' By J. H. Dannies

Bonn, Germany

Improvement of climatic conditions affects

productivity and efficiency. Running of conven- "

tional air conditioners to produce climatic en-
vironment of greater produectivity is a problem in
arid and humid zones without adequate elec-
tricity supply, and unconventional means have to
be employed. Application of solar radiation for
drying or humidifying air for conditioning with-
out intermediary machinery is one of these solu-
tions for increasing productivity and cfficiency.
Solar air conditicning without intermediary ma-
chines is explained, and ways are deseribed for
practical exccution of solar air conditioning.

Solar refrigeration witheut intermediary ma-
chinery is a continuation of solar air conditioning.
Brops in temperature of 30°F and more are pos-
sible by it. Lower temperatures require employ-
ment of ventilators and heat exchangers. Their
use provides temperatures of 33° to 35°F within a
moving air current which is today’s limit in solar
refrigeration. This cooling of an air current per-
mits at least cold storage of any size with tem-
peratures of 40° to 50°F.

FFor lower temperatures, rational resorption is
reviewed in regard to regeneration by collectors
of solar heat. With the same solar heat quantity
inserted for regeneration, rational resorption de-
livers 2.50 to 3.25 times more refrigeration per-
formance than conventional absorption refrigera-

tion.

INTRODUCTION

The direetion to the right of the new eyelie process
for treating air for air conditioning has been deseribed
i the first paper in this series. The new right-way cexele
utilizes the reversed direction deseribed in my sccond
paper. While for producing water, humid air on the
way from regenerntor to absorber is important, for air
conditioning, moving of dried wir is necessary. The re-
versed eyele presents areversed pieture in performance;
but aetion of absorption and solar regeneration remain
=olar water pumping.”

as they have been in

Al neeessities in situating the absorbent for sue-
cessive or simultaneous working remain, and the main
axix of the air conditioner must again be placed in a

north-south direction. This requirement iz u rostriction
in disposition; but it is compensated for by running the
air counditioner without need for artificially produced
energy. For simultaneous action an inelination of 90°

~of the absorbent to the west-eust axis is again neces-
csary. Also successive procedure requires that aguin

absorbent be almost flat to the surface of soil, and all
the preseriptions of disposition of absorbent for solar
water rumping are repeated.

Then the same effect of solar radiation is presented,
anc th: obtained performance per unil, of radiated
surface is again smaller with the simuitancous pro-
cedure than it is with the suceessive method. In solar
water pumping fully automatic service is given by
simultaneous action. It is of more striking performance
thai the successive procedure because it cuts out any
service, and, in a way, really squeezes water out of air
with any humidity as if it were 2 sponge.

A similar striking performance is given by air econdi-
tioning or refrigeration using simultaneons absorption
and regeneration. These air-conditioning plunts also
work w thout any serviee, and they again follow ad lib-
itum any preseription in absorption or regeneration,
Also, the time of the period which may ast from one
sceond to the whole day may follow techaical or other
requirements,

Successive absorption and regeneration is also of
larger Herformance, as it again receives the larger
quantitv of solar radiation and again additional service
i regnired for utilization of the induced drying ca-
pacity of absorbent. The successive and the simulta-
neous procedures will he discussed.,

Geneally 1t should be noted, for all solar plants fol-
lowing the new eyvelie process, that:

(1) Merviceless proeedure is presented by all arrange-
ments standing perpendieularly to the surface of soil,
with their main axis in north-south direction. These
plants may work just as well alone as cooperating with a
seeond standing unit.

(2) Mlways, serviee is required for ranning solar
plants situated not perpendiculily to the surfaee of
soil. The service is, in the end, always 1 mechanieal
movement of air or absorbent., »

SIMULTANEOUS AIR CONDITIONING

Fig. 1 presents u sketeh of the eross-scetion of a
buildin.g air-conditioned by solar radiation. Neither the
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F16. 1—Solar air-conditioning.

dimensions of the building nor of the absorbent arc to
scale. The eross-seetion has been drawn to explain
working con litions distinetly. For actual air-condi-
tioned room:s the relation between the dimensions of
the abzorbent and the dimensions of the building is
very much smaller than the drawing shows. TTurther-
more, in the sketch both the walls contain notling but
absorbeut. Absorbent of this quantity is not alwiys
necessary. The quantity depends on atmospheric con-
ditions on site. Drying of air in humid tropies equires
more abzorbent than drying of air in hot tropics, and
the weight of absorbent corresponds to the hamidity
quantity to be retained.

Both the external walls are of heat-permeansle ma-
terial. They may have good thermal contact to the
absorbent, o they may only protect the absorbent
against exterial atmospherie conditions without direet
contact, as ¥ig. 1 shows. The arrangement depends
entirely upon the thermodynamic and mechanieal
qualities of the employed absorbent.

"The external walls are to be painted with a dull color
of emission capacity approaching absolute black. Since
during absorption heat is to be transmitted to atmos-
pherie air from air passing the inside of the external wall,
this should also be painted in a dull color, especially if
the absorbent is not in direct contaet with this wall.

Collected solar fadiation appears in the air duct in
the form of heat. This heat is to remain for regenaration,
and the walls between the air duets and air conditioned
room are to be of adequate insulating capacity. Usually
brick wulls of customary thickness suffice. Thermal
conductivity of concrete is two to three times, as large
as that of bricks. Furthermore, concrete walls are of
higher strength than brick walls and always of smaller
thickness. To retain the trapped solar energy for re-
generation they have to be insulated.

Both the air ducts which are shown in Fig. 1 o “Solar
“Water Pumping” have to be employed for solar air
conditioning as well. Instead of the condenser of this
sketeh, the room to be air conditioned has now been
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sttunted i the stroam of airy bue the direetion of air
moverment is reversed, and the haidity contents of
the air differ i comparison to the previous figure,
Theve, wb=olute humidity contents deerense hetween
entnncee and exit of the condenser, while now ey
incerease, 1.e., the reversed evele isin action.

To obtain the correet dimensions of the air duets,
many tests have been run. The results of all these
tests yield dimenstons for the absorbent and the air
duet which warran
cfficieney.

Different materials for the external wall und many

very good performance at best

kinds of absorbent have been checked in commereind
plants ranning in temperate chmates. Also, i dry and
huaid tropies as well as in =abtropies, many materials
have been tested. The tests have bheen ran with =mall
wnits of the individual detail to be cheeked, and the
dimensions of the units were all of sufficient =ize to
allow technical judgment. From net rvesults, one may
expect in the tropies at least the same performance ns
obtained in temperate climates.

During forenoon, solar radiation falls on the external
cast. wall. The heat enters the castside air
warms the air contents and absorbent on
The absorbent is regenerated by warming and loses
water vapor, which enters the air volume of the uir
duct. The warmed mixture of dry wir and vapor is
obviously of smaller speeific gravity than the outside
atrospherie air. The air within the air duct swims
within the volume of atmospheric air, and having be-
come lighter than the surroundings it starts rising.
Ascension of wr within the air duet leads it out of the
uppermost opening.

This_air volume must be replaced. T is substituted
by air entering from the room to be air conditioned
through the opening in the cast wall. The air-condi-
tioried room has only one other opening, the opening
in the low part of the west wall, and air can leave the
air-conditioned room for the easterly air duet if it is
repluced by air entering after having passed the uh-
sorbent in the westerly air duct.

The westerly quantity of absorbent has been regen-
erated the afternoon before. Therefore, it dries passing
air, and the air volume entering the room to be uir
conditioned has attained that state of dryness which
compressor air conditioners produce by cooling along
the saturation curve.

duct and
this side.

The entering air reduces the relative humidity of the
air-conditioned room. This relative humidity can be
regulated by very simple mcuns, The effeet of the
deseribed air conditioning depends mainly upon the
relation between weight of absorbent and weight of
moving air. Throttling of the moved air volume suffices
for regulation, as more relative humidity is extracted
out of the moving air and vice versa. In humid tropics,
for instance, the relative humidity can easily be regu-
lated within a range of 20 per cent up to 75 per cent by

Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03639A001500060001-2



Sanitized éopy Approved for Release 2011/09/20 : CIA-RDP78-03639A001500060001-2

these means, and the drying capacity of the plant de-
pends upon trapped solar radiation for regeneration.

tegeneration is very similar to that described for
solar water pumping. Heating by solar radiation starts
regeneration at the lowest layer of absorbent. The vapor
rising out of it is partly re-absorbed by higher situated
absorbent, and a surface of delimitation between re-
generated and unregencrated absorbent ascends. Dif-
ference in water coutents of the absorbent is the more
distinetly marked the higher the surface of delimitation
hax risen. In the end again, a really hazy air leaves the
regenerator from about 10:30 until 11:30 in the fore-
noon and from 3:30 until 4:30 in the afternoon.

When the moving air has to extract only a small
weight of humidity out of the air-conditioned room, it
is less loaded when entering the regenerating section
and the obtained effect in regeneration is then greater.
The drying capacity is preserved for eases of fluctuation
in load. In correetly designed solar air conditioners,
preservation oceurs frequently.

Such reserves are more than adequate for rainy days
with only o few sunny hours. Tests have shown that a
period of 7 to 10 days without sunshine at all can pass
before the drying eapacity of regenerated absorbent has
disappenared totally. As periods of permanent overcast
sky of this duration do not usually exist, air condition-
ing is maintained during rainy seasons. This elasticity
has been proved in Central Tlurope, even at 52°N, by
solar air conditioners during cloudy and foggy Novemn-
ber=December. During this time solar air conditioning
maintains here n humidity of 35 to 13 per cent, and the
performance of solar air conditioning remains suflicient
for adequately dryving wooden planks for manufae-
turing.

Water possesses one of the largest heats of evapora-
tion, and customary air conditioners that work with
compressor refrigerators always require large refrigera-
tion per. manee in relation to accomplished air condi-
tioning —if designed correetly. Large performance of
compressor refrigerntors requires large power consump-
fion, and the height of cleetricity bills of compressor
air conditioners is well known.

Foven this power ix usually smaller than technically
necessary beeause, for reasons of sale, with all com-
pressor air conditioners reducetion in initial price and
running costs is accomplished by reducing the size of
the vequired refrigerator. Then cooled but not sufli-
cientiy dried air hox to remove combustion heat of the
human body,wod mvoidably dranghty air' results,
well-known in compressor air-conditioned einemas, ete.

Sens=itivity of the human body is not inereased when
the temperatwre rizex, In subtropies and in tropies of
I°, the human h()dyl does not re-

o

more than 70° to 75
quire any other conditions to relieve combustion heat
thun in temperate elimates; but it is more exposed {o
climatic finetuations beenuse of thin and light clothing.
It then aets senxitively to smadl alterations in tempera-
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ture, and temperature shocks with all their conse-
quences for health cannot be avoided when o room of
lower temperature than the usual sarroundings s
entered, as, for instance, a compressor air-conditioned
banking office.

Of entirely different action is the deseribed method.
It the air-conditioned room permanent conservation
of at least atmospheric temperature is warranted. The

source of “flue by air conditioning” is ent out because

not the temperature but the relative humidity is
shifted to obtain air-conditioning cffect. _

To get rid of combustion heat, tite human body
produces more perspiration the higher the surrounding
temperature. If the relative humidity of air is high,
even ¢t “warm” temperatures, liquid perspiration re-
mains upon the skin, beeause huid air eannot suffi-
ciently absorh the additional water. 1f the relative
humidity is small, perspiration does not appear upon
the <kin. It is immediately evaporated from the pores
and tuken up by dry air. Evaporation ar sublimation
is not possible without Jatent heat, and this heat must
be delivered from somewhere.

It is delivered by the human body, ad evaporating
perspiration cools the human body in surroundings of
warm - emperature but low relative humidity. In humid
tropies of 85°T" a relative humidity of about 20 to 50
per cent corresponds roughly to our customary cli-
metes of about 65° to T0°F. Practical solar air condi-
tioning, therefore, will regulate the relative humidity
m tropies to 50 per cent and more and not to 20 per
cent o ess. These figures are fundamental, and they
arc touched only secondarily by temperatures of sur-
rounding walls, veloeity of air, ete.

The matter of the surroundings we live in is full of
absorp ive substances, Iurniture. elothes made of hair
or cotton, ete., are abrorbents. IBven bricks and con-
crete walls are of certain absorptive apaeity, There-
fore, nir conditioning during daytime provides aceu-
mulation of dryving eapacity in every room. and air
corditiming during night-time is alwaes adequately
accomyplished.

Demonstration of this solar air conditioning by ac-
curnufation is presented by storing flour, sult, or sugar
i humid tropies. Test storing of these materials in
Literin has shown that in =olar air-conditioned rooms,
flour ean be safely stored unpucked and does not aet,
mouldy. Unpacked salt and sagar do not start dis-
solving and do not swim away in solar stores; they
remain . erisp. Automatic air conditioning by solar
radiation does not require any serviee. It runs auto-
macieally and is of the more intensive action the more
intensive the solar radintion. It brings the relief in
huraan life longed. for in all humid tropies and sub-
tropic< for infirmaries, stoves, offices, livine rooms,
sleeping rooms, ete., at the same time svoiding com-
plicated machinery,
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SUCCESSIVE AIR CONDITIONING

The xame influeneing of ehmates is possib ¢ by asing
successive solar air conditioning.
solar water pumping, the absorbent has to bhe situated
almost flat to the surface of =oil. This pos tion 1uikes
" utilizing the meident =olar radiation curing the
whole day, and it cutechex more solar heas than the

:m-mommnt of simultancous provedure. More weight

Just as in me case of

care of

of abxorbent can be regenerated or regeneration is of
more inteasive effect than the simultancous position
delivers.

The per od of absorption can be shortened by imoving
the absorbent, and mechunical drive for movement of
absorbent becomes necessary. Without movement of
absorbent the period of the procedure macs iast 24
Imm ;- that means 12 hours regeneration .uui another

2 hours absorption; then movement of air during the
mohl is rcquired. All solutions of the probls n of sue-
cessive ait conditioning necessitate the use of energy
for the movement of one clement. Iinergy conswmption
of this drive is always small. However, it is the first step
in employing intermediary machinery for solar ab-
sorption.

The utilization of a ventilator for movement of air,
for instance, does not alfect the simplicity of the pro-
cedure. Fer sleeping rooms in humid tropics 1 fan is a
customary appliance. Its power consumption will suf-
fice to air-condition the sleeping room all n'ght. The
absorbent has been regenerated during the daytime,
and movenent of air along absorbent ther has been
induced as deseribed for simultancous air conditioning,
During night-time the fan starts working, leads the air
along regeerated absorbent, and dry air s ntroduced
into the sleeping room all night. This dryiny is rather
intensive. It permits the recreative sleep which' is
needed in humid tropies.

The recreative effeet may be increased still further
by additional refrigeration as deseribed in the following
seetion. Then sleep in humid tropies will begin at the
temperatu-e of the surrounding air but at a rccuced and
comfortable humidity.
has slowly cooled down to Central Burope climates, and
refreshmert by effectual air conditioning i~ assured
with the additional ventilator.

"SOLAR REFRIGERATION WITHOUT
INTERMEDIARY MACHINERY

Solar air conditioning can be casily compared to

solar refrigeration. Refrigeration 1s obtained by evap-
oration of water within the current of dried air, and

refrigeration machinery counsists of this one evaporator..

No other implements are needed and no com.pressor or
metallic rezenerator, electrie or other drive, condenser,
pipes, cte., are necessary.

In Tig. 2 the west corner of the room of Fig. 1 has
been redrawn. Solar radiation during morring hours
falls on the east wull. A tray with water is placed below

By morning, the temperature
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Ira. 2--Nolar refrigeration without intermediary machinery,

the absorbent. Water is a refrigerant other,
quantity is the refrigerant of =olar re-

The dried aiv leaving the absorben:

Like any
and this water
frigeration. PisSes
over the water surface. Rise in temperature of air, con-
nected to drying by absorption, has been alinost en-
tirely reduced by heat Toss through the heat-pernicable
wall covering the air duets at the outside, and the
temperature of the air current in front of the tray of
the westerly air duet is almost the same us the one of
open atmosphere.

Then dried air passes the water swrface of the tray,
and its effect on the vapor is the same as a sponge on
liquid water. The vapor pressure of the dried air being
Jow and the pressure of saturated vapor above the
water surface being high, the water surface vapor is
drawn rapidly mto the moving current of air.

Vapor ean come into existenee only if heat of vapori-
zation 1s delivered. No other heat souree but the en-
thalpy of the cireulating air is present, and the required
heat quantity has to be delivered by it. Air can supply
heat only by loss in temperature, and the air tempera-
ture drops between points 4 and B of Fig. 2 the more
it has been dried. During this time the temperature of
the water in the tray is considerably lower than the
lowest ambient air temperature. As vapor must he
delivered by the quantity of water, its temperature
drops 'to the level sufficient to accept the quuntity of
heat from the air which is needed to evaporate the
extracted vapor quantity.

The cooled air enters the room to be refl
the direction of the drawn arrow.

1gerated in
It leaves the room
entering the easterly air duct which now has a sucking
action, and it passes the casterly absorbent,
regenerating state.

Regeneration is the more intensive the drier the air
entering the regenorator, and the air quantity leaving
the cooled room is always of less relative humidity (i
100 per cent because it is warmed in passing the roow,
and no vapor source is present. It would,

now In

therefore,
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aceept vapor out of the evaporator on the east side
when passing it. To avoid this obvious decrease in re-
generation, a separate exit for air is arranged in.both
side walls. Entrance into and exit out of the refriger-
ated room is directed by louvers with movable flaps,
which open to air pressure in a certain direction, and
automatic opening is given for the correct air move-
ment. All further details are given by Fig. 2.

Figures of the obtained refrigeration will be of in-
terest. The procedure can be easily followed in a psy-
chometrie dingram. For instance:

(1) Tests run in Liberia, West Africa, prove that at
an average atmospherie air temperature of about 85°F
between 9 aum. and 7 p.n. temperature of the moving
air eurrent will not exceed abont 90°1 at point A, If
at point A the relative humidity of the moving air has
heen reduced to 13, 25, and 35 per cent, point 3 obtains
4 temperature, respectively, of 62° to 66°F, 67° to
T1°F, 72° to 76°F, or the air is cooled without inter-
medinry machinery, respectively, hom 19° to 23°T°, 14°
to 18°17, and 9° to 13°T.

(2) Tests in Cyrenaiea, North Afriea, Sahara, 150 to
200 miles off-coast, prove that at an air temperature at
point A of about & )°I< 95°17, and 105°F, and a relative
humidity of about 22.5, 17.5, and 12.5 per ¢ent, the air
femperature isreduced at point 3 toabout, respeetively,
617 1o 681, 69° 1o 73°F, and 74° to 78°F,or the air is
cooled \\'nh()ut intermediary  machinery respectively
from 12 to 21°T7, 22 to 26°17, and 27 to 31°F.

This cooling of air to a temperature differenee of 10
to 30°F is remarkable. The relative humidity of the
cooled rooms rises to approximately 65 to 75 per cent
and even during midday hours the attained climates
correspond to dry summer in Central Europe. The
datn show also that the performance of solar refrigera-
tion hecomes better the higher the atmospherie tem-
perature, or refrigeration bhecomes more intensive the
more intensive the solar radiation. The drop i tem-
perature is really remarkable, as it ix obtained with-
out any mechanieally or eleetrically driven machinery.

SOLAR REFRIGUERATION WITH

MACHINERY

Deseribed  refrigeration without intern-lary ma-
chinery is the first step in utilizing the new eyelie pro-
codure for lowering temperatures of the surroundings.
For muachineless refriceration, the obtained drop in
temperature is safisfactory, but it does not yet sutlice
to refrigerate a cold storage roon.

For =olving this refrigeration task by directly radiated
solur cnorgy, procedures without machinery no longer
affice. However, neither eompressor, hoiler, nor con-
denser, ete., as required for every standard refrigeration
plant, ave necessary. The machinery to be employed is
of <impler ehimeter. The developed methods are all of
one direetion: differences in air temperature between
suurated and unsaturated air provide the possibility

of heat exchange for lowering the air temperature.
Within the area between saturated humid air and
absolutely dry air a multitude of differerces in tem-
perature are possible for heat exchange, and drop of
temperuture is obtained by the right arrungement of
heat exchange. No other addition:! machinery but
ventilators and heat exchangers is requirec.

Practical development was first handicapped beeause
heat exchange between two air currents presents un-
favorable conditions to techniques. The coefficients of
heat transfer of air are very small, and these heat ex-
changers are, therefore, always large and expensive.
Morcover, it is a particular attribute of refrigeration
technique to move heat quantities by smalil differences
in temperature, thus additionally enlarging the surface
of heat exchange. \

Howerer, o certain kind of heat exchanger has been
perfeeted to meet the conditions of solar yefrigeration.
The method in exchanging heat ix of speeial and still
unexhausted consequences. For ordinary a'r it presents
an exchienge of heat of about 150 to 250 Btu per hour
per °F per cu ft oceupied by the heat exchanger. The
heat exchange rate does not reflect an unreal (‘,.\‘tnn:n ion;
it is reis ted to the eleanliness of hoth the moving air
currents. The data are much better than those presented
by heat exchange between moving air and evaporating
or cond ¢nsing refrigerant-—-physically very much better
presapyositions. The good heat transmission is obtained
with air current of no higher velocity than 3 1o 5 ft per
see. The inerease in performance is not liraited to heat
exchange in solar refrigerators. Other techniques will
also use the new method in heat exchange, and manu-
facture at moderate price is to be expeeted.

With these heat exchangers and with ventilators for
moving air, solar refrigeration has been developed to
procuce temperatures of 33° to 35°1°. Atuaining lower
temoeratures is to be expected. .

L.mitations in size of solar coldstores. refrigerated
direstly by the deseribed reversible eyele, do not exist,
A commereial refrigeration plant of 500 e {t may just
as well be built as o big coldstore of 100,000 cu {t
The only limit is the amount of adequate
solar radiation. These solar coldstores can be run with
tempe ntures of at Jeast 40° to H0°F, and they ean be
used i opractice ke any other coldstore.

The deseribed refrigeration plants for coldstores are

content.

no ~tonzap. They are at least of the same performance
as conventional compressor or abrorption refrigeration.
Beeause of laek of adequute solar radiation, coldstores
of thir type cannot be run in temperate climates,

REFRIGERATION AT TEMPERATURES
LOWER THAN 107 TO 50°F

Cften it will be necessary to produce temperatures
lowor than 40° to 50°F. Lower temperatures can also
be obtained by =olar radintion, and cuistonury absorp-
tion refrigerators are usually emploved for transforming ‘
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solar heat 11to refrigeration. Absorption refrigerators of
really good design present a thermal efficieney

produced refrigeration

inserted regeneration heat

of 70 1o 75 per cent. A goaod boiler makes use of about
S5 per cen of the absorbed heat. Then the oraetieal
thermeud efficiency of this plant amounts to 60 to 65
per cent, or about § of the absorbed heat re: ppears in
the form of refrigeration performance. If inert gis has
to be used, as is often unavoidable, the efficiciiey of the
gas current has tobe takenintoaccount. It will tnnocase
be better than 70 to 75 per cent, as the cleaned inert gas
ix of less woeight than inert gas loaded with re rgerant
vapor, aud the same influence is present m temperature
exchange of Inert gax as between dilute and eoncen-
trated solutions. Therefore, the practical eff ciency of
the standurd type absorption refrigerator of smali total
pressure with inert gas is about 42.5 to 47.5 »Hor cent.

A well designed resorption refrigerator of practically
adequate temperature exchange is already better. It
presents the known thermal efficiency of 100 to 110
per cent and even somewhat more for cor ventional
refrigeération tasks. This efficiency is considerably raized
by rational resorption refrigeration. Depencing upon
the quaditics of the employed mixture, raional re-
frigeration can attain much higher efficiency than 100
to 110 per cent.

The rise depends on the possible number of com-
pound stages. If temperatures and pressure are with-
stood by the refrigerant and solvent without disinte-
eration, n compound steps may be used, anc with »
compound steps regeneration heat is reduced to 100/
(1 + »n) pe: cent.

The chemieal stability of the ammonia-water nixt e

permits only n I compound step for rutional re-
Meigeration. By ity the required regeneration heat is
reduced 1o 30 per cent of the usaal one, and the theo-
')‘)!,

retieal efficieney 1= raised to the vadue 200 to 22
cent. The efficieney of the boiler wnd the inert gas

F

-
D

remain, and rational resorption with the anenonia-
witer mixture supplies practical thermal eflicieneies,
again with 85 per cent eflicieney of the botler; of 170
1o 185 per eent without use of inert ges and 120 to
110 per cent with use of inert gas, These figures surpass
160 per cent and indieate that more refrigeration s
guined than regeneration heat is abzorbed.
CIncomparizon to conventional absorption refrigeri-
ton of the above caleulated efliciency, the practical
result 1s that rational refrigeration  delivers 2.60 10
310 times more performance without the use of inert
gas and 2,50 1o 3.25 times more performance with the
use of inert gas,

These ligures show that all the reported pilot ab-
sorption refrigeration units with solar heating for tem-
poratures lower than 0% to 30°F are not yet on the
right track. They ean obtain the same refrigeration per-
formance with 30 to 40 per cent of absorbed solar
radiation. It is rational refrigeration that indicates the
way for solar refrigeration, wherever direet tramstorma-
tion of solar radiation into cold is not yet possible,
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solar air-conditioning and solar refrigeration is trested for
the first time in public by this paper. or this reason more lit-
cerature cannot be enumerated.
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